Objectives: To determine whether primary tumor location is an independent prognostic factor in stage IV colon cancer, focusing on its relationship with chemotherapy and/or sex. Methods: We retrospectively analyzed clinicopathological data from 255 patients with stage IV colon cancer from two treatment eras according to the year of starting multidrug combination chemotherapy: period A was from 1985 to 2005 and period B from 2006 to 2013. Propensity score matching (1:1) was performed to assess overall survival(OS). Results: Right-sided colon cancer tended to be more common in elderly females with large-sized tumors, exhibiting mucinous histology or peritoneal dissemination. After propensity score matching, 130 patients were identified. There was no difference in OS between left-sided and right-sided tumors in either period A or B. The prognosis of patients receiving chemotherapy in either period was superior to that of those without chemotherapy. Better outcome of chemotherapy was seen only in female left-sided patients from both periods (p < 0.05). By multivariate analysis, liver metastasis, peritoneal dissemination, and chemotherapy were found to be independent risk factors in period A, whereas only liver metastasis and chemotherapy were the independent factors in period B. Conclusions: Primary tumor location is not an independent prognostic factor, but seems to be a chemotherapy effect modifier.
Introduction
A relationship between primary tumor location and prognosis of colon cancer was previously reported 1) , but this may vary at different tumor stages 2) owing to different underlying gene mutations [3] [4] [5] [6] [7] [8] . According to the latest ESMO guidelines, anti-EGFR antibody treatment is recommended for left-sided unresectable advanced recurrent colorectal cancer 9) . However, the importance of primary tumor location relative to other prognostic factors for the outcome of chemotherapy for unresectable advanced recurrent colorectal cancer is not established.
Clearly, age is a strong risk factor for colorectal can-cer 10, 11) , and sex differences due to the hormonal background associated with aging are also present 12, 13) . Moreover, Tsai et al. reported that BRAF mutations, MSI-high status, and N-RAS differ according to sex in colorectal cancer 13) . In the present study, we investigated whether primary tumor location is an independent prognostic factor for survival, focusing on relationships with chemotherapy and/or sex. [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . Of 1035 patients with colon cancer, data on 173 stage IV patients were extracted for inclusion in the period A group; of 412 patients, 82 stage IV patients were included in period B. The left-sided group was defined as the presence of the tumor in the colon between the splenic flexure and the rectosigmoid colon, and rightsided was definded as the presence of the tumor in the colon between the cecum and the transverse colon. This study was approved by the ethics review board of Kumamoto City Hospital (Ethical Committee Approval No. 519).
Clinical data collection
Clinical information, including age, sex, tumor location, clinicopathological prognostic features, and follow-up, were retrieved from the database of the Department of Surgery, Kumamoto City Hospital.
Definitions
Curability refers to the degree of residual tumor (B, no evidence of residual tumor but not evaluable; C, definite residual tumor). M1 indicates distant metastasis (M1a, single organ metastasis; M1b, multi-organ metastasis). The extent of distant metastasis in the period A group was quantified according to the General Rules for Clinical and Pathological Studies on Cancer of the Colon, Rectum, and Anus, 6th edition 14) , and in period B group according to the 7th edition 15) .
Statistics
All statistical analyses were performed using EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria). Chisquare or Fisher exact tests were used, when appropriate, to compare clinicopathological features. Survival curves were plotted using the Kaplan-Meier method and compared using the log-rank test. The Cox proportional hazards test was used for univariate and multivariate analyses. In all analyses, statistical significance was set as p < 0.05.
We also performed a 1:1 propensity score analyses using a logistic regression model with potential variables, including age, sex, tumor size, histological type and peritoneal dissemination, according to clinical data.
Using nearest-neighbor matching without replacement, propensity scores were matched using a caliper of 0.001.
Results

Patient characteristics
Mean age was lower in the group of patients treated during period A than those treated during period B (65 years vs. 72 years, p < 0.05). The proportion of women was 0.5 and 0.6 in patients from periods A and B respectively. The clinicopathological characteristics of the patients are summarized in Table 1 . Data from 61 right-sided and 112 left-sided patients from period A and 34 right-sided and 48 left-sided patients from period B were available for analysis. In patients from period B, the frequency of intestinal obstruction was higher in the right-sided than in the left-sided group (41% vs. 19%, p < 0.05). Although not reaching significance, the proportion of older female patients (! 75y/o), those with maximal tumor size exceeding 55 mm and histological types such as mucinous adenocarcinoma and poorly differentiated adenocarcinoma tended to be higher in the right-sided group in both period A and B groups. A high degree of peritoneal dissemination (P2-3) in period A tended to be more frequent in the right-sided than in the left-sided group, whereas there was a higher degree of liver metastasis (H3) in period A in the left-sided than in the right-sided group (Table 1) . After propensity score matching, all variables were balanced ( Table 2) .
K-RAS-screening was performed in 11 of 52 patients in period B. K-RAS wild-type was found in 2 of 4 right-sided patients, and 2 of 7 left-sided patients.
Treatment
There were no differences in the rates of curability between the right-and left-sided patients from either treatment period before or after propensity score-matching ( Table 1 , 2). In the post-matching data, chemotherapy was administered to 76% of period A patients and 60% of period B patients. Chemotherapy during period A included hepatic arterial infusion and chemoembolization for liver metastasis, fluorouracil-based oral medication, or intravenous fluorouracil plus leukovorin ( Table 2 ). In contrast, mFOL-FOX/CAPOX and bevacizumab were the main chemotherapeutic agents used during period B. Anti-EGFR antibody was administered to 44% of right-sided patients and 29% of left-sided patients. After multidrug combination chemother-apy, hepatic resection for liver metastasis was performed in 38% of the 8 left-sided M1a patients, and in 33% of the 6 right-sided M1a patients.
Prognosis
The prognostic superiority of left-sided group in the prematching data was not recognized in the post-matching data [ Figure 1-A(a) , B(a), n.s.]. The prognoses of patients receiving chemotherapy in either period were superior to those of patients without chemotherapy [ Figure 1 -A(b), p < 0.01; Figure 1 -B(b), p < 0.01]. In the left-sided patients, the prognoses of patients receiving chemotherapy in either period were superior to those of patients without chemotherapy [ Figure 1 -A(c), p < 0.05; Figure 1 -B(c), p < 0.01], In contrast, this tendency was not seen in the right-sided patients. In patients without chemotherapy, there were no differences between period A or B for either left-sided or right-sided tumors (data not shown). In patients receiving chemotherapy in either period, the prognoses were similar between the left-and the right-sided groups, especially in males [ Figure  2 Univariate Cox regression analyses revealed that the following factors were significantly associated with prognoses of patients from period A: liver metastasis, peritoneal dissemination, chemotherapy, and sex. These were limited to M1ab, liver metastasis, peritoneal dissemination and chemotherapy but not sex in period B. Multivariate Cox regression analyses for patients from period A identified liver metasta- 
Discussion
A relationship between primary tumor location and prognosis has been suggested in colorectal cancer 1) . Schrag et al. reported that patients with right-sided stage III and IV colorectal cancer have poorer survival than those with leftsided 2) . Further, Arnold et al. reported that prognosis and chemosensitivity was worse for patients with right-sided RAS wild-type metastatic colorectal cancer 3) .
According to the latest ESMO guidelines, anti-EGFR antibody treatment is recommended for left-sided, unresectable advanced recurrent colorectal cancer 5, 9) . However, the underlying pathophysiology regarding the significance of primary tumor location in the treatment of colorectal cancer is not clear. It remains necessary to build an evidence base to reveal the relationship between primary tumor sites and prognostic values for clinical outcome. Here we investigated prognostic factors by focusing on tumor site and patient sex over two treatment periods before and after strong multidrug combination chemotherapy became available.
In the present study, we used propensity score matching to minimize potential bias. We found that the left-sided group did not experience better survival than the right-sided group in either period [ Figure 1-A(a) , B(a), n.s.]. Although the intensity of chemotherapy markedly differed between period A and B, the prognoses of patients receiving chemotherapy vs. no chemotherapy was better for patients in either period [ Figure 1-A(b) , p < 0.01; Figure 1 Multivariate analysis identified three independent prognostic factors (liver metastasis, peritoneal dissemination, and chemotherapy) in patients from period A and just two of these (liver metastasis and chemotherapy) from period B. Thus, it can be concluded that the location of the primary tumor is not an independent prognostic factor related to chemotherapy and sex.
Salem et al. reported that estrogen receptor positivity is predominant in the right-sided colon, and decreases with age 16) . Reduced mismatch repair and the increased microsatellite instability caused by this decrease leads to reduced fluorouracil sensitivity and a reduction in anti-EGFR antibody sensitivity through mutant BRAF 7, 16, 17) . It is speculated that in metastatic lesions from the right-sided colon, fluorouracil-based chemotherapy plus anti-EGFR antibody is affected by estrogen, whereas, lesions from the left colon are probably not affected by female sex hormones.
The present study has some limitations, not only due to its retrospective nature and single-center data but also the small number of patients, thereby not allowing a comparison before and after menopause and not being able to consider K-RAS status.
In conclusion, primary tumor location does not seem to be an independent prognostic factor in patients with stage IV colon cancer, but does seem to be a modifier of chemotherapeutic efficacy.
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